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opment	 because	 neurons	 mature	 during	 these	 periods.1	 Exposure	
to	various	stressors,	 including	psychologic,	metabolic,	and	 immune,	
during	 these	 periods	 induces	 long-	lasting	 effects	 in	 physiological	
function	 and	 increases	 the	 risk	 of	metabolic	 disorders	 in	 later	 life.	
The	 long-	lasting	 effects	 of	 stressors	 in	 the	 prenatal	 period	 have	
been	 widely	 studied	 in	 humans.	 Prenatal	 undernutrition-	induced	
pathogenesis	 of	 diseases,	 including	 hypertension,	 cardiovascu-
lar	 diseases,	 insulin	 resistance,	 and	 type	 2	 diabetes,	 in	 adulthood	
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in	male	and	female	rats.9,10	However,	 it	has	been	poorly	 investigated	
whether	prenatal	undernutrition	influence	sexual	behavior	or	not.
The	 aim	 of	 this	 study	was	 to	 investigate	 the	 effect	 of	 prenatal	
undernutrition	 on	 the	 sexual	 behavior	 of	male	 rats	 in	 adulthood.	 In	
this	study,	PS	was	assessed	as	a	reliable	finding	of	the	onset	of	puberty	
and	sexual	behavior	of	prenatally	undernourished	mature	male	rats.
2  | MATERIALS AND METHODS
2.1 | Animals
Eight	pregnant	Sprague–Dawley	rats	were	purchased	 (Charles	River	
Japan,	 Inc.,	 Tokyo,	 Japan)	 and	 housed	 individually	 under	 controlled	
lighting	(14	hours	 light/10	hours	dark	cycle)	and	temperature	(24°C)	
conditions.	 All	 the	 animal	 experiments	 were	 conducted	 in	 accord-
ance	with	the	ethical	standards	of	the	 institutional	Animal	Care	and	
Use	Committee	 of	 the	University	 of	 Tokushima,	 Tokushima,	 Japan.	
All	 the	pregnant	 rats	were	divided	 into	a	maternal	normal	nutrition	
(mNN)	group	and	a	maternal	undernutrition	(mUN)	group.	The	mUN	
mothers	received	50%	of	the	amount	of	the	daily	food	intake	of	the	





2.2 | Sexual maturation and sexual behavior
Preputial	separation	is	the	separation	of	the	prepuce	from	the	glans	
and	 was	 examined	 from	 PND	 28-	41	 in	 all	 the	 pups.11	 Fourteen	
mature	 female	partner	 rats	were	prepared	and	used	for	 testing	 the	
sexual	 behavior	 of	 the	male	 rats.	 All	 the	 female	 rats	 were	 bilater-




lowed	48	hours	 later	with	progesterone	 (1	mg	 in	0.1	mL	peanut	oil;	
Sigma).	The	sexual	behavior	was	checked	4	hours	after	 the	proges-
terone	injection.12,13	The	sexual	behavior	of	the	male	rats	was	tested	





of	mounts	 (climbing	onto	 the	back	of	 the	 female	 rat),	 intromissions	







presented	as	the	mean±standard	error.	P<.05 and P<.01 were consid-
ered	to	be	significant	in	all	the	analyses.
3  | RESULTS
The	 body	 weight	 of	 the	 mothers	 was	 similar	 on	 gestation	 day	 14	
between	 the	 mNN	 and	 mUN	 groups	 (mNN:	 332.43±6.62	g;	 mUN:	
334.45±4.61	g).	 The	 mothers	 of	 the	 mUN	 group	 showed	 a	 signifi-
cantly	lighter	body	weight	on	gestation	day	21	(339.9±3.72	g),	com-
pared	to	the	mothers	in	the	mNN	group	(425.45±9.56	g)	(P<.05).	The	
pups	 of	 the	mUN	 group	 had	 a	 significantly	 lighter	 body	weight	 on	
PND	1,	compared	to	the	pups	of	the	mNN	group,	and	the	difference	
persisted	before	PND	25,	when	 the	pups	of	 the	mUN	 rats	 showed	
catch-	up	growth	(Figure	1).
The	 mUN	 group	 showed	 a	 significantly	 later	 day	 of	 PS	 (mNN:	
31±0.60	days;	 mUN:	 35.29±1.38	days,	 P<.05)	 and	 a	 heaver	 body	
weight	 on	 the	 PS	 day	 (mNN:	 110.49±3.26	g;	mUN:	 130.93±7.69	g,	
P<.01),	compared	to	the	mNN	group	(Figure	2).	The	cumulative	PS	rate	
was	significantly	lower	between	PND	30-	34	in	the	mUN	group	than	








opening	 of	 female	 rats	 were	 delayed	 by	 prenatal	 undernutrition	 in	
rats.4,5	In	the	present	study,	PS,	which	is	a	reliable	finding	of	puberty,	
















after	maturation	but	did	not	delay	the	day	of	PS	 in	male	rats.16 The 
result	of	the	present	study	confirmed	the	previous	studies	regarding	
the	 suppressive	effect	of	metabolic	 stress	 in	 the	prenatal	period	on	
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had	lower	Kiss1	mRNA	expression	in	the	hypothalamus,	which	could	
be	the	reason	for	the	delayed	PS	in	the	male	pups	in	the	present	study.
Furthermore,	 there	 are	 several	 reports	 to	 show	 that	 prenatal	
and	 early	 neonatal	 stressors,	 either	 psychological	 or	 immune,	might	
suppress	 sexual	 activity	 in	 male	 rats.	 The	maternal	 restraint	 during	
gestation	 days	 18-	22	 prolonged	 the	 latency	 of	 the	 first	mount	 and	
intromission	 and	 suppressed	 the	 number	 of	 ejaculations	 in	 mature	
Wistar	rats.17	Maternal	separation	during	the	first	10	days	after	birth	
resulted	 in	 suppressed	numbers	 of	mounts	 and	 intromissions	 and	 a	
prolonged	 latency	of	only	ejaculation	 in	mature	Wistar	rats.18	 In	the	
mature	Sprague–Dawley	male	 rats,	maternal	separation	during	PND	
2–10	also	prolonged	the	latency	of	the	first	mount	and	intromission	
and	 suppressed	 the	 number	 of	 ejaculations,	 but	 not	 the	 number	 of	
















hormone	 in	 psychological	 stress,	 brain	 inflammatory	 cytokines	 in	
immune	stress,	and	orexigenic	or	anorexigenic	peptides	in	metabolic	
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